Virus

Research

ELSEVIER

Virus Research 40 (1996) 47-56

Comparative analysis of the attachment protein gene (H) of
| dolphin morbillivirus'

Merete Blixenkrone-Mgller**, Gert Bolt?, Tove Dannemann Jensen®, Timm Harder®,

Vilhjalmur Svansson®
*Laboratory of Virology and Immunology, The Royal Veterinary and Agricultural University, Biilowsvej 13, Frederiksberg C,
DK-1870 Denmark

Department of Virology, Erasmus University, P.O. Box 1738, 3000 DR Rotterdam, The Netherlands
Vilhjalmur Svansson, Kirkjugata 13, 565 Hofsos, Iceland

Received 26 July 1995; accepted 4 October 1995

Abstract

DMV, dolphin morbillivirus, a paramyxovirus of uncertain origin recently emerged in Mediterranean dolphins.
This study presents the complete nucleotide sequence of the hemagglutinin (H) gene including the gene boundaries.
The single open reading frame of the DMV H gene encodes a protein of 604 residues which exhibits overall sequence
characteristics similar to the H genes of other morbilliviruses. When compared to its closest homologues, measles
virus (MV) and rinderpest virus (RPV), DMV has, respectively, 44 and 46% of amino acid residues in identical
positions. The primary sequence of the DMV H protein is markedly less conserved than that of the fusion protein.
The comparative data at the genomic level correspond with cross-neutralization studies with different morbilliviruses.
Retrospective serogical studies dating back to 1983 indicate DMV-like infections in whales of the eastern Atlantic.
The presented data support and extend previous studies suggesting that this novel morbillivirus is one of the
phylogenetically oldest morbilliviruses known to circulate today. The relationship of DMV and established morbil-
liviruses to the newly emerged candidate morbillivirus infecting horse and man is discussed.
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In recent years new morbillivirus diseases have
emerged. Thus, dolphin morbillivirus (DMV) has

! The nucleotide sequence reported in this paper have been
submitted to the GenBank/EMBL and assigned the accession
number Z36978.
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recently been identified as a new contagious
pathogen causing a lethal disease among striped
dolphins in European waters (Domingo et al,,
1990; Van Bressem et al., 1993). A similar virus
has also been isolated from harbour porpoises of
the North Sea (Kennedy et al., 1988a). Only a few
years before the appearance of the dolphin epi-
demics another previously unknown morbillivirus,
phocine distemper virus (PDV), manifested its
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highly pathogenic potential by inducing mass mor-
tality among harbour seals in North-Western Eu-
rope (Kennedy et al., 1988b; Osterhaus et al., 1988).
PDV was also transmitted to land-living carnivores
causing severe disease in farmed mink (Blix-
enkrone-Moller et al., 1992).

Most recently a candidate morbillivirus infecting
horses and man was described (Murray et al., 1995a
and Murray et al., 1995b). Its relationship to the
established morbilliviruses remains to be clarified.

Until recently the Morbillivirus genus of the
Paramyxoviridae family contained four members:
measles virus (MV), canine distemper virus (CDV),
rinderpest virus (RPV) and peste-des-petits-rumi-
nants virus (PPRYV). All of these can cause severe
disease in their respective hosts. Knowledge of the
natural host range remains crucial in differentiating
the closely related members of the genus.

The enveloped morbillivirus particle contains
two integral surface glycoproteins, the hemagglu-
tinin (H) and fusion (F) proteins in addition to the
matrix (M) protein, that forms the inner layer of
the envelope. The helical ribonucleocapsid core
contains an ssSRNA genome of negative polarity
which associates with the nucleocapsid (N) protein,
the polymerase or large (L) protein and the phos-
phoprotein (P) protein.

Morbillivirus isolates from dolphins and por-
poises have revealed marked differences in nucle-
otide and predicted amino acid sequences for the
N, M and F genes and part of the P gene in
comparison to corresponding sequences from the
established members of the genus (Barrett et al,,
1993; Blixenkrone-Meiller et al., 1994, Bolt and
Blixenkrone-Magller, 1994; Bolt et al., 1994; Rima
et al, 1995). Compared inter se, the cetacean
morbilliviruses isolated so far exhibit a very limited
nucleotide sequence variation. Their close relation-
ship also holds at the antigenic level. In previous
studies we assessed the antigenic differences be-
tween the dolphin and distemper viruses (Blix-
enkrone-Mpller, 1993) using a panel of 75
monoclonal antibodies (Mabs) raised against the
structural proteins of CDV and PDV (Orvell et al.,
1990; Blixenkrone-Maller et al., 1992). Only minor
epitopic differences were revealed when comparing
reports by others on virus isolates from dolphins
and porpoises examined with a part of the Mab

panel used in our studies (McCullough et al., 1991;
Osterhaus et al., 1992; Welsh et al., 1992; Visser et
al., 1993). The most distinct illustration of the
unique antigenic make-up of the cetacean morbil-
liviruses was assessed in tests with Mabs directed
against the H protein. Only two out of 27 Mabs
were found to cross-react with the examined virus
isolates from dolphins and porpoise (data not
shown).

To further investigate the molecular properties of
DMYV, we have analyzed the attachment protein
gene (H) and its boundary with the L gene. The
presented relationship between DMV and other
morbilliviruses at the genomic level was also
reflected in the functional relationship as deter-
mined in cross-neutralization experiments. Fur-
ther, our serological data provide evidence for
DMYV-like viruses in eastern Atlantic cetaceans.

We have previously constructed a cDNA library
based on a morbillivirus isolate from a striped dol-
phin stranded on the Mediterranean coast of Spain
in 1990 (Blixenkrone-Maller, 1993; Blixenkrone-
Moller et al., 1994). The DMV library was screened
for H gene-specific sequences using a radiolabeled
¢DNA clone (H10) from the corresponding gene of
PDV (Kdvamees et al., 1991b) using low stringency
conditions: 30% formamide buffer at 37°C (Bolt
and Blixenkrone-Mpller, 1994),

Two positive clones, 7-E1 and I-A7, later deter-
mined to contain the entire coding region and parts
of the non-coding regions of the DMV H mRNA,
were completely sequenced (Sanger et al., 1977) on
both strands using primers synthesized correspond-
ing to the sequences obtained.

The sequences of the H gene boundaries were
obtained from polymerase chain reaction (PCR)
products using genome-sense RNA as a template
for initial reverse transcription. RT-PCR and
asymmetric reamplifications for direct sequencing
of VRNA were carried out under conditions de-
scribed previously (Doherty et al., 1989; Bolt et al.,
1994).

For amplifying the genomic junction between the
H gene and the polymerase (L) gene the primers
used were DHI0A, which corresponds to
antigenome sense nt 1553 to 1569 of the H gene
(Fig. 1) and MLA which corresponds to genome
sense nt 54 to 69 of the polymerase (L) gene of
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AGGGTGCAAGTTGACCAACCATGTCTTCTCCICRTGACAAGGTCRACACATTCTACAAGGACATACCAAGACCTAGAM CAATAGGG TTTTACTAGACAA TUAGAGGGTTATCATAGARA
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Fig. 1. Nucleotide sequence of the DMV H gene and flanking sequences, including start of the L gene. The positive antigenome
sequence is displayed as determined from cDNA clones and PCR products. The intergenic triplet is boxed. The location of the
primers in the H gene used to obtain sequences of the gene bounderies are overlined. The corresponding primers selected in the F
gene of DMV and in the L gene of MV, respectively, are detailed in the text. Underlining marks hydrophobic region. Potential
N-linked glycosylation sites are marked by double underlining.
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MYV (Blumberg et al., 1988). The location of the
primers selected to generate and amplify DNA
products of the DMV genome adjoining the 3’
end of the H gene were DF20B, which corre-
sponds to antigenome sense nucleotide 2107-2123
of the F gene of DMV (Bolt et al., 1994) and the
genome sense primer, DH20A, located at nt 123
to 139 of the H gene (Fig. 1). All sequences
presented were determined for both strands of the
original PCR products.

The DMV H gene sequence is shown in Fig. 1,
in antigenome (message) sense. The start of the L
gene was identified at the 5’ end of the H gene.
The compilation of the data from this report with
those of our previous studies (Blixenkrone-Mpiller
et al., 1994; Bolt et al., 1994) shows that the
physical map of the genome is 3-N-P/V/C-M-F-
H-L-5" as established for other morbilliviruses
(Barrett et al., 1991). The genome of DMV also
matches the other members of the genus with
respect to the consensus sequences at the gene
boundaries (Bolt et al., 1994). The intergenic
triplet, CUU (in the positive antigenome sense) is
known to be highly conserved for all morbil-
liviruses, Sendai virus and human parainfluenza
virus 3 (Galinsky, 1991; Curran et al., 1992; Blix-
enkrone-Mpller et al.,, 1994; Bolt et al., 1994;
Baron and Barrett, 1995). However, MV and
RPV exhibit a CGU triplet at the H-L junction,
and for PDV and CDV a CUA sequence has been
identified, but interestingly, DMV differs from the
other morbilliviruses by having a CUU triplet at
the H-L junction (Fig. 1). The intergenic se-
quences are believed to play a role in the tran-
scription process. Since the L gene of MV is
transcribed at a much lower level than the pre-
ceeding genes it has been suggested that the triplet
at the H-L junction is involved in down-regula-
tion of the L gene transcription (Cattaneo et al.,
1987, Curran et al., 1991).

The mRNA transcribed from the H gene is
1946 nt long excluding the poly(A) tail. It con-
tains a single long open reading frame (QRF)
covering 1812 nucleotides. The first AUG is lo-
cated 20 nucleotides from the 5 end of the
mRNA. This start codon is in a moderately fa-
vourable context for translational initiation
(Kozak, 1986). The corresponding start codons

determined for other morbillivirus H proteins are
also in suboptimal context for ribosomal binding
(Gerald et al., 1986; Yamanaka et al., 1988; K&-
vamees et al., 1991a; Kovamees et al., 1991b)

The single ORF of the DMV H gene encodes a
protein of 604 amino acids with a calculated M,
value of 68 kDa.

The alignment of the DMV H protein sequence
with those of other morbilliviruses is given in Fig.
2. The hydropathy profile of the protein shows a
considerable similarity to those of other morbil-
liviruses (data not shown). Thus, the DMV H
protein appears to be a class II glycoprotein,
where the large hydrophobic membrane an-
choring domain of the N terminus is located at
exactly the same position as found for other mor-
billivirus H proteins (Fig. 2). All 13 cysteine
residues in the DMV sequence are present in
identical positions in RPV and MYV, although one
(DMV C579) is absent in CDV and PDV (Fig. 2).
A total of 17 out of 36 proline residues present in
the DMV H protein are found in all other morbil-
liviruses examined, whereas 75% are conserved in
comparison to its closest homologues, RPV and
MYV. Five potential N-linked glycosylation sites
are present in the DMV H protein, two of which
are conserved. Thus, the sites at amino acid
residue 187 and 391 (Fig. 2) are shared with two
(MV, RPV) and three other morbilliviruses (RPV,
CDV and PDV), respectively, while the remaining
three sites of DMV (residues 172, 582, and 599)
are located in close proximity to glycosylation
sites found in other morbilliviruses (Fig. 2). Taken
together, the glycosylation sites of DMV tend to
be evenly distributed throughout the protein,
whereas the sites in MV and RPV are in the
region close to the membrane anchor and in the
distemper viruses they are more C-terminal (Fig.
2).

The amino acid sequence differences between
the morbillivirus H proteins are scattered
throughout the protein including the cytoplasmic
region (Fig. 2). Close to the membrane anchor
there is a major area of complete conservation
between the H protein of DMV and those of
other morbilliviruses (residue 90 to 102, Fig. 2).
This area is flanked by regions dominated by
conserved residues and conserved substitutions.
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DMV MSSPRDKVDAFYKDI PRPRNNRVLLONERVI IERPLILVGVLAVMPLSLVGLLATAGVRLQKATTNS TEVHRKLSTNLETTVS IRHEVKDVLTPLFKIIG 100
RPV t.p.'.Rﬁ'lY'"mn'r"v."!qnb.ttimn‘rli'iii.."ti'."'I"milv.ml'm.f.smr.‘f.'m"'.."'."" 100
MV tiPQtQRI’!tQt"’n‘mthn'm.nttwtui.pi'.t'tItﬁO""I'tmtumtm’ﬁtQQ'W'.’..to'"ﬁ'.ﬁ'..i't 100
cov *L*YQP *AGH # ++ *NAYANSTRLS * VT * RHGGR ¢ # PY* L+ *L*LLVGILA® ¢ * ¢ T+ ¢ * FHQVS* SHM* PS*LO KEDM*KEEAVH* Qe I* e ws2wssewe 100
PDV #P+HQ* ¢ 4G+ ++NNA*AREEKLP+VTDE* BER* SPHFLS I*LILLVGILI## %+ T+ I ¢ FHQVVKSNLEP* KL* IRDMOK¢BAVH*Q® o enewransve 100
v. . . .
DMV DEVGLRMPQRLTRIMQPIENKIKFLNPDREYDFND mvxmvmm LOMSXGRIPIP VITRGQTIK 200
RPV *EE et ATAARPIDLTRS #4De v eveaagueasRe N ¢ 42 oRRIN ¥ v DT oA eTons DN v THE, LY PTT*X**Pg 200
MV 2errr s THORPADLVK* £ 4D¢ 4 48 4 4 44 2 4 2 AR# T 2 T ¥ XPRIPL e ¢Dr s e ADY ¢+ & $IEIKL) 'm!"'?‘a 200
DV reTrGeL N et WNI KN A LOVTNEFO AR S PAOREAA e TRk wGKw *ES*GIRKAS *POGRED* * o HEFT e ATISVPEVFP 200
PDV «---nx."--u--x---vo-'m-r"m-r--u""1-r-sxo'E:"nmnnmnmrm-'"n'n'umﬁm 200
. - v v
DMV POLTLVNIYTTRNFEVSPMVTVISGGNYGKTYFL-KPPEPDDPPEE - - -GAFRIFEVGLVRDVGEREPVLOMTNIMV IDEDEGLNPCLLEVGELELAAVC 296
RPV ISv**5G**SG*GYN]*S*I* ITGK? * * + STYLVGY SIVHQ*DY*Vs#+ o IT*RLAVGT* ¢ PH*» * YLELPRQPEYET*MPALo*8K***Ly 300
NV AE+g+LDL* 16+ SI*MT#Q¢ * * *GTYPVR® *] *LEQLSMY ¥V ¢ YT 4NP* LGA® *FH* #+ MVALveeRéesLe 300
cpv TBVS+SMSLIS*TEFTIN? LA 4D Ve s oL oA ] DT - - tEIYV** I 0 FIKRWLEOM* S* ¢ T4+ Y# LD+ NERAKVOTIA* ¢4 4T#eGLe 2906
POV LAVS*SMSLISXPS** IN*L* A+ +E* I+ #+++L+V-TDOTERN* *T~ - - PEI*V*+ I+ PINRWLGDM*LF ¢ T+ + YRI*SXNSNTKI ¢ TIA* 4 * ¢AveSLy 296
.Y v v
DMV DIGGYXDEPFRVVTLG T IGGGLSNQRTRIYPTIDSSIRKLY ITSHRGT IRNSKARWSVPAIRSDOXDKMEKCTOALCESRPP 396
RPV LADS**, TRP*X * *VMASPADRDTLATLEA® ¥ PTLDG # # #T# # # ¢ ¢ ANGT* I * A+ 4 UT*T# #QV¢ + G~ *RLEAYRD® ¢ + # o 400
MV HGEDSITIPYQ*SG*GVS*QLYK* * VNESPTOM? SNVPLS DY PVSDR® *LE* ¢ * tVOADBTK*A¢ ¢ TTHT# # LR *T+ PV A *GXIQAL ' 400
cov +BRST*LLYRDSSGEQDGTIL #T# # + P+ ITIMDHIE*VI¢ VAHP*M# * TH* *N* # # PoXD#* I *T*M¢ ** LA* EXQERQKG* LEBA*QRK* Y ¥)# * 396
PDV TXESTILLNLGDEESQNSVL*# 1% *LF+*ATHMD*LE*VI+VAHP*#+* TH¥*}# # *F#KD*V+T+M# + *LALSEQGEQINYLREAS KR*TY YM¢ 396
- v
DMV PLTSMRIPAYAYTALETKEDSGLELDITSNYGPL I IHGAGMDI YBGPSSNQDWLAIPPLSQSVLGY INKVDFTAGFDIKPHTLTTAVDYRSGECYVIVEL 496
RPV “*RAQ** +* *QULTIKLGLADEPEV* * T¢RP+ + * ¢ TDS* + L s TSFDGTKY * *TT* ¢ *QN*Ar #TV* TLVLEPSLK* S*NI**LPIRSGG*D**T*TY* 500
MV 4R+ 4+ EHGVLEVDLSLTVROKIKA*GR e # 2 ¢ TeeGe ¢+ Lo KSNHN* VY ¢ 0T+ ¢ 4MIMLAS * #  + TLINIPR*RVS *YLI* VD, HACTY* 500
cov 'mts-mrm'q-mmﬂv-wm"w-s'u.-sc--'r--'ﬂx"m--mo'm--v--r'mnl'-t.' QT 496
POV *FGDK*L*S*GRLT*SLOVSTD*S * ¢ T PNAD* #+Y# % ¢ TLL* 8G* *T+* s XWGT1* *L* *QASKGDQ* IVT* *I+*FePRES*TD*AL* IQT 496
DMY SGAKDQDLELESNLVVLPTKDPGYVTATYDTSRSEHAIVYYVYDTARSS swnnxxmnxmncrwmm IVYVDMLY 596
RPV *m‘nivﬂsi"'I"Sl'm"sﬂ"I"V"i"'BI'B'G'L"'H"KI.PIX'D'VS'O"""D'K"'"P' 'Q‘mqv’ 600
MV PA“*GOVQ's,tttxt'w.w'tn'"'QOOVOQQvt"tQSMQt"tt"'mzxﬁvt I"Wi'fﬁm't"."mt ‘00
v 'QII'R'VLI’*“'""OC'!"I'"'I"'D""'""'PI"TI"TH"IL’!TK'l'DP“""V'm‘“*Qm '."t 596
POV YOIQ*D'VL"""*""OS"I"V'"'V'"D“'"""'P"TV'"I'Y"ILKTX'I'DI"""V'WR'"'Qmm l'."l 59‘
v .

DMV SINMECS--------- R 604

RPV G RIT*NG-------- X 609

My GMGV* *TVTREDGTNR* 617

cov RERPSON--REN----P 607

PDV n-u"g:g----r 607

Fig. 2. Alignment of H protein sequences of morbilliviruses. DMV, dolphin morbillivirus; RPV, rinderpest virus; MV, measles virus;
CDV, canine distemper virus; PDV, phocine distemper virus. Overlined areas indicate hydrophobic regions; underlined areas
represent potential N-linked glycosylation sites; arrowheads mark conserved cysteine residues; asterisks represent amino acid
identity. The nucleotide sequences were, when available, obtained from the EMBL database. DMV, this paper; the Convac strain
of CDV from Kovamees et al., 1991a (accession no. Z35493); MV consensus sequence was taken from Gerald et al., 1986 (accession
no. Z04720); RPV was taken from Yamanaka et al., 1988; PDV from Kovamees et al., 1991b (accession no. Z36979). Multiple
alignments were carried out using the CLUSTAL program of the PC GENE package Bairoch, 1992.

The overall amino acid sequence identity between
the H proteins of DMV and RPV was 46% com-
pared to 44, 43 and 41% when aligned to MV,
CDV and PDV, respectively. Interestingly, the
protein sequence identities were less than that at
the nucleotide level: the coding region of the
DMYV H gene displays between 56 and 60% pair-
wise nucleotide sequence identity when aligned
with the corresponding sequences of other morbil-
liviruses with the highest scores when compared
to MV (data not shown).

The H gene product of morbilliviruses is the
major antigen inducing neutralizing antibodies.

Thus, the cross-neutralizing activity of het-
erologous polyclonal morbillivirus ~ antisera
against cetacean morbilliviruses was examined
(Table 1). All antisera exhibited considerable
cross-neutralizing titres (80-320) against DMYV.
The titres were consistently and significantly (at
least two dilution steps) lower than those found
against homologous viruses. The serological rela-
tionships between the morbilliviruses which were
isolated prior to 1988 closely support previous
studies (Gibbs et al., 1979). Interestingly, the anti-
sera against MV and distemper viruses (CDV and
PDYV) exhibited significantly higher titers against
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DMYV than against CDV/PDV and MV, respec-
tively. Thus, at the functional level of neutraliza-
tion DMV appears to display the closest en bloc
relationship to the other morbilliviruses. Taken
together, this relationship at the functional level is
in line with that found at the genomic level.
Phylogenetic analyses were performed on the
nucleotide sequence of the coding region of the
DMYV H gene and the corresponding sequences of
other members of the Morbillivirus genus. An
unrooted tree (Fig. 3) was constructed with the
MEGA PC program (Kumar et al., 1994) using a

gamma distance matrix calculated according to

the Kimura-2-parameter model (a = 1) (Kimura,
1980) and the Neighbour-joining method (Saitou
and Nei, 1987). Alignment gaps were excluded
from pairwise distance estimations.

The robustness of the predicted phylogenetic
tree was statistically tested using the bootstrap
method (Felsenstein, 1985; Hedges, 1992). From
the P values indicated in Fig. 3, it is apparent that
MV/RPV and CDV/PDV form separate clusters.
The deduced evolutionary relationships outline

Table 1
The interrelationship of DMV and other morbilliviruses as
assessed by cross-neutralization tests®

Antiserum® Virus

CDV PDV MV DMV
CDhV 1280° 640 <20 80
PDV 320 > 2560 <20 160
MV <20 80 >2560 320
RPV 40 80 40 80
PPRV 640 320 320 320

®The test was carried out as a plaque reduction test in Vero
cellcultures in 24-well plates. Serial two-fold dilutions of antis-
erastarting at 1:20 were tested against 25 PFU of CDV (On-
derstepoortstrain), PDV (PDV/DK88), MV (Edmonston
strain), and two isolates of DMV, (Dolphin/E90a and b)
Blixenkrone-Maller et al., 1994, respectively. All samples were
tested in duplicate and conditions were essentially as described
by Cremer et al., 1985. The cultures were read on days 5 to 7
post-inoculation after addition of neutral red.

®Sera from natural hosts species (i.e. man, cow and goat).
Antiserum was kindly provided by I.R. Pedersen (MV) and T.
Barrett (RPV, PPRYV).

“Reciprocal of the lowest serum dilution resulting in a plaque
reduction of around 50%.

100 PDV
—— CDhV
DMV
100 RPV
6—3.1 MV

Fig. 3. Phylogenetic analysis of the nucleotide sequences of the
coding regions of morbillivirus H proteins. Alignment of the
nucleotide sequences was done by use of the PILEUP program
of the GCG software package (Devereux et al., 1983; release
8.0) and by hand (data not shown). For details of tree con-
struction refer to text. The branching order represents possible
evolutionary relationships between the sequences and the hy-
pothetical common ancestors that existed at the nodes in the
tree. Branch lengths are drawn in proportion to the estimated
genetic distances as indicated by the bar. The percentages
indicate the bootstrap P values after 2000 replications
(Hedges, 1992). Nucleotide sequences were extracted from the
EMBL database (see Fig. 2).

that DMYV is phylogenetically almost equidistinct
from established members of the genus. DMV
apparently diverged early in morbillivirus evolu-
tion. With respect to the estimated genetic dis-
tances, DMV seems to be closest to the putative
morbillivirus ancestor or archevirus, whereas the
other marine morbillivirus, PDV, exhibits the fur-
thest distance. These findings support and extend
our earlier studies on the N and F genes (Blix-
enkrone-Magiler et al., 1994; Bolt et al., 1994) and
those of others focusing the P gene (Barrett et al.,
1993).

Previously, a short nucleotide sequence of the
postulated candidate equine morbillivirus (Mur-
ray et al., 1995b) displaying limited homologies to
M gene sequences of established morbillivirus spe-
cies was applied to phylogenetic analysis. The
authors concluded that the putative equine mor-
billivirus may represent a very early ancestor in
the morbillivirus lineage. Alignment of the re-
ported sequence fragment of the equine virus with
M sequences of DMV (Bolt et al., 1994) gives
limited homologies (42% and 48% at the nucle-
otide and amino acid levels, respectively) which
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are within the range of those found in similar
comparisons with other morbilliviruses (data not
shown). When including corresponding sequences
of DMV, however, consistent and reliable evolu-
tionary relationships with established morbil-
liviruses could not be computed (data not shown)
indicating that the respective M gene fragment
might not be representative enough. Thus, more
convincing genetic support for an association of
the novel Australian viral pathogen with the mor-
billiviruses remains to be determined.

To further elucidate the possible origin and
spread of DMV, we have tested serum samples
from Eastern Atlantic whales for the presence of
neutralizing antibodies against DMV. The virus
neutralizing assays were carried out as previously
described (Blixenkrone-Mgller et al., 1991). As
shown in Fig. 4, our retrospective serologic inves-
tigations provide evidence for DMV-like infec-
tions in 13 out of 48 samples from Fin Whales
(Balaenoptera physalus) more than a decade prior
to the discovery of the epidemics among Eu-
ropean dolphins.

Recently Duignan et al. (1995a) reported, on
serological evidence, that DMV-like viruses are
present in various species of dolphins, porpoises

o1

VN titer

A 90 0000000 . g
[

¥ 000
20 30 40 50

Whale sera (no)

Fig. 4. Serum samples from Fin Whales in neutralization tests
against 25 PFU of DMYV. The samples were collected in
Icelandic waters in 1983. The samples had no detectable
neutralizing antibodies against PDV and CDV (data not
shown).

and whales from the Western Atlantic and a
further report provides serologic evidence for en-
zootic DMV-like infection among Pilot Whales
(Globicephala sp.) dating back 13 years (Duignan
et al., 1995b).

It is conceivable that DMV and its ancestors
have been circulating among different species of
cetacean marine mammals for much more than a
decade. However, to the best of our knowledge, it
is only in dolphins and porpoises of European
waters that the virulence of these cetacean viruses
has been recognized (Van Bressem et al., 1993;
Visser et al., 1993).

The above findings add to the attractive, but
unproven hypothesis that a DMV-like virus has
been introduced into the European populations of
dolphins and porpoises by migrating species of
Atlantic cetaceans. Furthermore, previous find-
ings support the theory that migrating Atlantic
harp seals have acted as host and vector for the
virus from which PDV has evolved (Goodhart,
1988; Have et al., 1991; Markussen and Have,
1992).

Though the profound genomic distances found
between DMV and PDV make a direct epidemio-
logical link between the European morbillivirus
epidemics in dolphins and in seals most unlikely,
it is possible that the time link between the epi-
demics is not merely a coincidence. Disturbances
of the natural habitat of marine mammals caused
by climatic changes, over-fishing and/or environ-
mental pollution are possible common factors
that may have led to the close time link between
the appearance of the epidemics caused by evolu-
tionary distinct morbilliviruses.

The lack of viral fossils and our limited knowl-
edge of factors of importance for host range and
virulence make it difficult to determine the factors
influencing the change from a presumed balanced
virus-host relationship in infected populations of
Atlantic mammals to the devastating epidemics
induced by the marine morbillivirus viruses in the
European host populations.

In summary, based on the data accumulated in
this report and previous papers on the genomic,
antigenic and epidemiological levels, we suggest
that the isolates from dolphins and porpoises
should be recognized as members of a distinct
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biological and taxonomic entity: we suggest the
species be named cetacean morbillivirus.

The emergence of novel morbilliviruses of un-
certain origin further underlines the need to ex-
tend our knowledge of the viral and host factors
involved in the transmission of morbilliviruses.

The nucleotide sequence reported in this paper
have been submitted to the GenBank/EMBL and
assigned the accession number Z36978.
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